Background. North Tijuana, Mexico is home to many individuals at high risk for transmitting and acquiring human immunodeficiency virus (HIV). Recently, policy shifts by local government impacted how these individuals were handled by authorities. Here we examined how this affected regional HIV transmission dynamics.
Impact of Public Safety Policies on Human Immunodeficiency Virus Transmission Dynamics in Tijuana, Mexico
Tijuana is a city of 1.6 million people located in the Mexican state of Baja California along the United States-Mexico border [1] , with a large transient population, thriving "red light" district, and dynamic illicit drug market [2] [3] [4] . Adjacent to Tijuana's redlight district is the Tijuana River and canal basin, locally called "El Bordo. " Many homeless individuals, up to 4000 at any one time, have historically lived in this region, including deportees from the United States and migrants from Central America [5] [6] [7] . Adjacent to this border district is Tijuana's Zona Centro, a neighborhood with numerous nightclubs that cater to tourists, locals, and gay men. This mix of drugs, sex, and homelessness has placed already vulnerable populations at high risk for acquiring and transmitting human immunodeficiency virus (HIV) [8] [9] [10] .
In 2015, the Mexican government began to expand the San Ysidro border crossing between the United States and Mexico, and as part of these efforts began to "clean" the homeless population from El Bordo to improve "public safety" [5, 11] . This was accomplished by orchestrated police raids and patrols, and bulldozing of erected dwellings in the area. Many residents were sent to rehabilitation facilities, often involuntarily [12] . Those who wished to avoid placement in rehabilitation facilities were forced to move, and the canal was made inaccessible to pedestrians.
We hypothesized that this dispersal of high-risk individuals and disruption of prevention efforts would change the dynamics of HIV transmission in the region. To evaluate this hypothesis, we used data from cohorts of high-risk individuals (eg, persons who inject drugs [PWID] , female sex workers [FSWs] , and men who have sex with men [MSM]) [13, 14] collected since 2004 in Tijuana, coupled with near real-time molecular epidemiologic monitoring, to examine the impact of recent public safety measures on the local dynamics of HIV transmission. Herein we describe an outbreak of incident HIV infections among high-risk individuals in Tijuana, which has important implications with respect to unintended consequences of public safety policies.
METHODS

Study Design
To examine the effect of a public policy shift instituted in March 2015 on the regional HIV epidemic, we examined data from 8 research studies in Tijuana screening individuals (n = 2759) for HIV infection between 2004 and 2016. These studies included individuals from multiple risk groups including male clients of FSWs (Amigos and Hombre Seguro), FSWs (Mujer Segura), injection drug-using FSWs (Mujer Mas Segura), FSWs and their noncommercial partners (Proyecto Parejas), a historical study of HIV-infected individuals in Tijuana (Study of HIV Drug Resistance), MSM (Enlaces), prison inmates (La Mesa Health Study), and PWID (Proyecto El Cuete IV [EC]). Participants in Hombre Seguro and Mujer Mas Segura were followed for 1 year with quarterly screening for HIV. Participants in Parejas were followed for 2 years with HIV screening every 6 months. Participants in EC were screened biannually for HIV infection over the last 6 years. All other participants were only screened at a baseline study visit. All individuals identified with HIV infection were included in this analysis (Tables 1 and 2 ; Figure 1 ).
Partial HIV type 1 (HIV-1) pol sequence data was generated from blood samples collected from HIV-infected participants as previously described [14] , followed by quality filtering and subtyping [15] [16] [17] . For each participant, only the HIV sequence obtained from the earliest time point was included. When available, demographic, clinical, and geographic (ie, locations of residence, injection drug use [IDU] , and interactions with law enforcement) data were extracted from the de-identified study databases of the participating programs as previously described [13] .
Network Analysis
An HIV transmission network was inferred by measuring the genetic distance between all sequences and establishing a putative transmission linkage when the TN93 genetic distance between sequences was <1.5% [18] [19] [20] . While these inferred connections may not represent true transmission links, they strongly suggest that the individuals were part of the same transmission chain. Sociodemographic correlates of clustering were analyzed by comparing the characteristics of clustering and nonclustering individuals. Categorical variables were compared using Fisher exact test; continuous variables were evaluated using nonparametric tests.
Subanalysis of Seroconverting PWID
A qualitative analysis was conducted to better understand the impact of recent policy changes on HIV-related behaviors among recent HIV seroconverters in the Parejas and EC studies. HIV seroconverters were defined as those for whom a last HIV-seronegative and first HIV-seropositive test was documented during study follow-up. The subanalysis was limited to these studies because all the recent HIV seroconversions were from these cohorts. Seroconverters who provided consent to be contacted for participation in future studies were approached to participate in this substudy. Semistructured qualitative interviews, ranging from 60 to 90 minutes, were conducted in Spanish with individuals by 3 interviewers who had extensive experience working with vulnerable populations. In-depth interview guides were designed to elicit information on engagement in risk behaviors prior to seroconversion, HIV care and treatment experiences, and social and structural barriers to care. Through biweekly discussions and ongoing analysis of the translated transcripts, investigators determined when conceptual saturation was reached, whereby additional interviews would not elicit new information on the topics of interest [21] . Qualitative analysis involved team members reading through selected transcript excerpts independently and generating a list of codes based on the interview guide (ie, deductive) and emergent themes (ie, inductive). Analysts coded each transcript using MAXQDA 12 (VERBI, Marburg, Germany) and met regularly to discuss and refine codes as needed. Mujer Segura and Mujer Más Segura A research project studying FSW in Tijuana, some of who used injection drugs. The 2 studies used time location, convenience, and targeted sampling approaches.
2004-2012
Proyecto Parejas A research project studying FSW and their noncommercial partners in the Tijuana, Mexico, that used convenience sampling.
2010-2013
Drug Resistance in Tijuana A cross-sectional study of drug resistance in chronically HIV-infected individuals in Tijuana. 2013
Enlaces A research project comparing partner contact tracing vs venue-based recruitment for identifying undiagnosed men who have sex with men in Tijuana.
2014-present
La Mesa Study A research project to assess education and perception about HIV in prisoners in Tijuana. 2016
Abbreviations: FSW, female sex worker; HIV, human immunodeficiency virus; PWID, persons who inject drugs.
EC participants also underwent interviewer-administered surveys during biannual study visits, where they reported the neighborhood where they primarily had been injecting drugs during the prior 6 months. This information was recorded on paper-based maps and digitized in ArcGIS 10.3.1 (ESRI, Redlands, California) [22] . At each interview EC participants were also asked about any police interactions including incidents of abuse. These encounters were dichotomized into extrajudicial (ie, being sexually or physically assaulted) and judicial encounters with police (ie, being detained or arrested). The physical locations were recorded using Google Street View [22] , then aggregated to neighborhood level. Using all waves of follow-up data, we examined the geographic distribution of injection locations and police encounters across neighborhoods using ArcGIS. However, our sample size did not provide sufficient power for statistical comparison in the subset analysis (n = 24) and therefore descriptive statistics were generated to examine shifts in IDU locations and police encounters relative to a participant's date of HIV seroconversion.
RESULTS
Two hundred eighty-eight sequences were obtained from unique individuals sampled between 2004 and 2016; 262 (91.0%) were HIV-1 subtype B, and 26 (9.0%) were non-B (including 11 CRF29, 8 CRF3, 4 CRF28, and 5 others). These represent 5%-16% of the estimated cases in Tijuana [23] . Among individuals with reported demographic data, 46.4% (116/250) were MSM, 30.5% (80/262) were women, 42.1% (99/235) reported transactional sex, and 27.8% (65/234) were PWID. A total of 42.4% (122/288) of sequences linked to at least 1 other sequence, forming 37 transmission clusters (range, 2-14 individuals) (Figure 1 ). This included a transmission cluster made up of 5 PWID, including 3 individuals with recent seroconversion. Clustering status was not associated with age, IDU, history of syphilis, transactional sex, or deportation; only female sex was associated with clustering (P = .04) ( Table 3) . A total of 
Seroconversions in PWID
From 2015 through July 2016, we noticed an increase in the frequency of HIV seroconversions in the EC cohort (n = 12 recent seroconversions, including 8 from April to July of 2016). Qualitative interviews (n = 19 [13 women and 6 men]) of past and recent seroconverters provided a common theme, which was the need to relocate both residence and location of IDU after the public safety intervention in the El Bordo region. In the interviews, individuals who remained after the cleaning of El Bordo reported being forced to find new venues for their IDU. Some described moving east in Tijuana to another shooting gallery (gallery 1, Figure 2 ). These participants noted that even in this location, local law enforcement officials continued to perform daily raids to keep the canal basin clear of PWID and homeless individuals, leading to further dispersal of these individuals. Several interviewees also stated that shooting galleries in Tijuana's Zona Norte continued to be under Federal Police and Army surveillance, also causing mobilization of street-based PWID living in Zona Norte. Per the interviewees, a significant number of these individuals ended up moving to inject nearby in galleries 2 and 3 ( Figure 2 ). More recently, the interviewees stated that gallery 1 was now completely shut down after the installation of a 24/7 checkpoint controlled by the Federal Police. This has led most new arrivals to the El Bordo region, including those released or who escaped from rehabilitation centers, to find their way to gallery 2. The interviewees also noted that, after the second stage of the canal raids in May-June 2016 and initiation of the construction of a new international pedestrian crossing, gallery 2 has become one of the main locations for drug distribution in Tijuana. Qualitative findings were supported by quantitative surveys conducted biannually, as 63% (15/24) of EC seroconverters reported shifting injection locations during the follow-up period and, of these, 47% (7/15) moved to nonadjacent neighborhoods. Of the recent seroconverters, one-third (4/12) moved injection locations during the period of seroconversion, traveling an average of 6.81 km (standard deviation, 8.88 km) (Supplementary Table 2 ). In addition, all EC seroconverters reported a police encounter during the follow-up period, with the majority reporting an occurrence within 1 year of HIV diagnosis (83% [20/24] ). A majority of these encounters involved an arrest or detention (75% [18/24] ), but a quarter (6/24) reported being physically or sexually assaulted during their interaction with police. Furthermore, such extrajudicial encounters were more likely to occur within 1 month of seroconversion (67% [4/6] ) than judicial encounters (28% [5/18] ), but this was not statistically significant due to the small sample size. We next examined spatial overlap between location of drug use and police encounters among the 24 EC seroconverters, covering the period 2011-2016 (Figure 2) . To protect the identity and geolocation of study participants, the physical location of events were masked by transforming and rotating the original locations. Most of these encounters, judicial and extrajudicial, occurred along the Tijuana river canal. The highest frequency occurred in the Zona Norte neighborhood, which is located adjacent to the Mexico-US border and includes the "El Bordo" region. Similarly, most seroconverters reported IDU in neighborhoods near the Tijuana river canal, most commonly in neighborhoods demarcated by zones B, C, and D. Overall, the neighborhoods where PWID interacted with police closely overlapped with the neighborhoods where PWID primarily use drugs (Pearson correlation coefficient, r = 0.85).
DISCUSSION
While migration and deportation continue to play an important role in the HIV epidemic in Tijuana [13, 14] , structural factors may also be impacting this local epidemic. The concentration of individuals engaging in high-risk behaviors, as in the red-light and border districts of Tijuana, continues to propel ongoing HIV transmission. These risks have been partly addressed by the work of a few nongovernmental organizations (NGOs) working to prevent further transmission through screening and harm reduction services. Here, we examined the impact of public safety measures designed to shift the homeless population along the border on the dynamics of HIV transmission in this local epidemic using near real-time molecular epidemiologic methods.
Our molecular epidemiologic analysis demonstrated a high proportion of clustered infections among the sampled population (>40%), similar to rates of clustering in other densely sampled populations [19, 24] . This proportion was higher (~50%) but not significantly different in the subgroup of incident infections, suggesting that less than half of new transmissions were likely from unsampled infected individuals [25] . Our analyses of these incident infections found an active transmission cluster in early to mid-2016, comprised of several linked infections in individuals with primary HIV infection, a group known to be more infectious and at higher risk for transmission, due to high viral loads [26] [27] [28] . This cluster was comprised entirely of PWID, with sequences from 3 recently infected individuals linked to 2 heroin-injecting PWID who seroconverted in 2012. This is not surprising, as <5% of HIV-infected persons sampled in some of these studies were receiving ART [29] . Based on this molecular epidemiologic surveillance information, federal and state public health authorities in Tijuana, Mexico, were notified. To better understand this outbreak, we used both qualitative interviews and geospatial analysis to identify and explore structural factors that could be associated with these transmissions.
According to our interviews, after being displaced from "El Bordo" by city urban development projects and the corresponding public safety policy shift toward efforts to "clean" the Tijuana river and canal basin along the US-Mexico border in March 2015, PWID and homeless people were forced to relocate [6, 11] . Some were forced into drug rehabilitation in the outskirts of Tijuana and further south in Baja California [6, 11] . Participants described police encounters where individuals found with drug paraphernalia would be sent to city jail and belongings confiscated. Some participants described extrajudicial encounters where police would request money or sexual favors as a condition to not be detained. Fear of these encounters has led PWID to avoid needle exchange programs and shift their IDU to new "underground" shooting galleries away from the canal region. Displacement and relocation, as described by many PWID, were identified as structural factors possibly contributing to onward HIV transmission. Research in other populations of PWID has shown that disruption of social networks, particularly the introduction of new contacts as may result from relocation to new shooting galleries, is associated with increased probability of engaging in high-risk IDU [30] .
Geospatial analysis and survey data corroborated the information provided to us by our interviewees. Using data collected during the biannual study visits for HIV incident cases in the EC study, we found a high degree of overlap between the neighborhoods where PWID used drugs and the locations where PWID reported police encounters, consistent with the policy shift to clean these areas of homeless and PWID. Moreover, more than half of the 24 EC seroconverters moved injection locations during the study period, and most reported a police encounter in the year prior to HIV diagnosis. Although only an association, we suspect that some of this mobility was reflective of the policing environment and, more specifically, the policy shift toward removing the homeless from El Bordo and known shooting galleries. Consistent with this, 3 of our recently identified clustering individuals described an interaction with police in the year before HIV diagnosis, followed by shifting their IDU to a different shooting gallery where they felt safe from the police. Notably, this shooting gallery was away from NGOs offering harm reduction services. Thus, the dispersion of individuals from locations known and frequented by NGOs hampered efforts to provide these services.
This analysis was limited by small sample size, focused sampling of high-risk individuals, and mix of sampling techniques used by the participating studies [13] . While a more dense and random sampling of the population would have provided more insight into the entire Tijuana HIV epidemic, in our focused population we identified a clustering rate of approximately 40%, similar to other molecular epidemiologic studies of regional epidemics [19, 24, 31] . Thus, while we could not capture changes in transmission dynamics across this complex epidemic, our results provide important insights in this high-risk subpopulation. Further, in 2014, Mexico transitioned from Global Fund support to government support of its HIV prevention programs by virtue of its middle-income status. This has led to widespread reports of shortages in sterile syringes and fewer condoms available to high-risk populations. This change may also be contributing to shifts in the current dynamics of HIV transmission in the region.
While migration and high-risk behavior remain important drivers of the Tijuana HIV epidemic, these results highlight the importance of local structural factors in changing the dynamics of transmission. While well-intentioned, these changes in policy toward high-risk homeless and PWID living in the border region, and efforts to relocate and involuntarily commit individuals to rehabilitation, has driven some high-risk behaviors underground, where neither the government nor NGOs are able to provide adequate harm reduction support (ie, needle exchange services). We believe these shifts led to increased risk-taking behavior (ie, needle sharing), resulting in the observed outbreak. This reduction in access has been compounded by the end of Mexico's Global Fund support, which sponsored many harm reduction services. The implications of such policy changes need to be carefully considered, as significant downstream effects, such as increased HIV transmission, may occur. Continued serologic and molecular surveillance of high-risk populations will be critical to the early identification of new outbreaks and epidemiologic trends necessitating public health responses.
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